This study raises two rather poorly understood subspecies to the rank of species, and revalidates two subspecies in Plantago (Plantaginaceae) section Virginica. Plantago napiformis, formerly P. tomentosa subsp. napiformis, is an uncommon species from grasslands in northeastern Argentina, southern Paraguay and southern Brazil. Plantago pretoana, formerly P. australis subsp. pretoana, is a rare species, endemic to high-elevation bogs in two small areas in southern Brazil: Serra do Itatiaia, and around Lagoa Dourada. Plantago australis subsp. angustifolia and P. australis subsp. hirtella have been recently synonymised under P. australis subsp. australis, but we present evidence here for the revalidation of these two subspecies. We also revise the distribution of P. australis subsp. angustifolia, greatly reducing it, and expand the distribution of P. australis subsp. australis. Finally, we provide an updated identification key to all 22 Plantago species and subspecies in Brazil, Paraguay, Uruguay and northeastern Argentina.
Introduction
Plantago von Linné (1753: 112) (Plantaginaceae) is a cosmopolitan genus with about 250 species concentrated in temperate regions and at high elevations in the tropics (Pilger 1937; Rahn 1996) . The leaves and seeds of some species of Plantago are well known for being edible (Weryszko-Chmielewska et al. 2012) , an exceptional source of dietary fibre (Marlett et al. 2000) , and having many medicinal properties (Samuelsen 2000) . Plantago is notable for its reduced, wind-pollinated floral morphology, rather variable and plastic vegetative morphology, and complex taxonomy and evolutionary history (Meudt 2011 (Meudt , 2012 Hassemer et al. 2015a) . Thus, uncertainties remain regarding species number and circumscription, and the phylogenetic relationships of its sections (Ishikawa et al. 2009 ). Arg-Argentina; Bol-Bolivia; Bra-Brazil; Chi-Chile; Col-Colombia; Ecu-Ecuador; Mex-Mexico; Par-Paraguay; Uru-Uruguay; Ven-Venezuela.
Additional taxonomic questions require clarification within Plantago. Recent and ongoing studies by one of us (GH) of the Plantago collections at some European and South American herbaria (C, EFC, FLOR, FURB, HBR, ICN, MBM and UPCB), in addition to field work in Brazil and a thorough review of the relevant taxonomic literature, have shed light on additional taxonomic problems, particularly within South American Plantago section Virginica Barnéoud (1845: 7) .
Section Virginica is part of subgenus Plantago and includes 44 species and subspecies (Table 1) , all of them native to the Americas. However, most of these species and subspecies (35) are restricted to South America. All Plantago species native to Brazil, Paraguay and Uruguay belong to this section, with the sole exception of P. brasiliensis Sims (1826 Sims ( : 2616 , which belongs to subgenus Psyllium (de Tournefort ex de Jussieu 1789: 90) Harms & Reiche (1895: 373) section Gnaphaloides Barnéoud (1845: 42) . Although section Virginica has been revised by Rahn (1974) , who called it "a critical group" owing to its taxonomic challenges, there are still some evidently poorly-resolved species complexes, most notably the P. australis and the P. commersoniana Decaisne ex Barnéoud (1845: 37) (Hassemer et al. 2015b) complexes.
Here, we provide a revised taxonomic treatment of some species of South American Plantago section Virginica. We provide evidence for recognising at species rank two previously poorly-understood Plantago subspecies, which had been previously overlooked probably because of their subspecies status. We also correct a taxonomic misunderstanding concerning the P. australis complex by revalidating two subspecies. Finally, this work provides an updated identification key to all 22 Plantago species and subspecies in Brazil, Paraguay, Uruguay and northeastern Argentina (Chaco, Corrientes, Entre Ríos, Formosa, Misiones, Santa Fe and Santiago del Estero provinces).
Materials & Methods
GH examined the entire Plantago collections at C, EFC, FLOR, FURB, HBR, ICN, MBM and UPCB herbaria, examined loan collections from IAC and RB and high-resolution images of collections from ESA, F, G, IRAI, K, LE, P, R, S, UC and US (see Appendix 1 for a partial list of the material examined), and conducted field work on various trips in southern Brazil between April 2012 and January 2015. Seeds collected during these trips have permitted GH to conduct cultivation experiments of several Plantago species in Florianópolis, Brazil and Copenhagen, Denmark, which were important in giving a better understanding of the development, morphology and ecology of these species. We consulted the works of von Linné (1753), de Jussieu (1789), de Lamarck (1791), von Humboldt et al. (1817 ), von Chamisso & von Schlechtendal (1826 , Rapin (1827 ), von Fischer et al. (1837 , Barnéoud (1845) , von Steudel (1849), Decaisne (1852) , Schmidt (1878) , von Fernsee (1888), Harms & Reiche (1895) , Pilger (1912 Pilger ( , 1913 Pilger ( , 1928 Pilger ( , 1937 , Rahn (1964 Rahn ( , 1966 Rahn ( , 1974 Rahn ( , 1975 Rahn ( , 1978 Rahn ( , 1979 Rahn ( , 1983 Rahn ( , 1992 Rahn ( , 1995 Rahn ( , 1996 Rahn ( , 1999 , Luteyn et al. (1999) , Souza & Souza (2002a , 2002b , Hefler et al. (2011 ), Segarra & Wood (2011 and Hassemer et al. ( , 2015a Hassemer et al. ( , 2015b . To elaborate the new identification key we built upon previous keys from Rahn (1966, 1995) , Hefler et al. (2011) and . We included in the new key only the Argentine provinces where the taxonomic changes presented in this work are most significant. Inclusion of Plantago species from the rest of Argentina (particularly from the Andes and Patagonia) would enlarge the key considerably and make it more difficult to use; this will be the subject of future studies.
The subgeneric classification of Plantago follows Rahn (1978 Rahn ( , 1996 , with the updates of Rønsted et al. (2002) and Hoggard et al. (2003) . The assessment of conservation status follows the IUCN criteria (IUCN 2012 (IUCN , 2014 . The classification of trichome types follows Rahn (1992) ; all species and subspecies treated in this study have type G trichomes on the leaves and scape (i.e., long, eglandular trichomes with visible cellular articulations, gradually tapering towards its apex; see for example Figures 1C and 2C) . We followed the treatment and typification of the synonyms of the species and subspecies presented here as in Rahn (1974) . Varietal synonyms have not been provided, except when we judged it relevant to present them; for a complete list of varietal synonyms see Rahn (1974) . 
Taxonomic Treatment

New combinations for two previously poorly-understood subspecies
Plantago napiformis (Rahn 1964: 56-57) Hassemer, comb. et stat. nov. ≡ P. paralias subsp. napiformis Rahn (1964: 56-57) ; ≡ P. tomentosa subsp. napiformis (Rahn 1964: 56-57) Rahn (1974: 139-141 Rosette herbs, 5-58 cm tall, perennial, often darkening slightly on drying. Taproot usually thickened and napiform above; caudex 0.3-2.0 × 0.4-1.9 cm, with sparsely-distributed brownish orange hairs. Leaves 4.1-21.0 × 1.0-3.7 cm, 4-to 7-veined, chartaceous; petiole rather distinct; lamina elliptic to obovate, with trichomes 0.7-2.8 mm long, type G, sparsely-distributed and variously-directed, but much more densely pilose along the veins of the abaxial surface; margin weakly to strongly toothed, ciliate; apex acute to obtuse. Inflorescence 6-58 cm long. Scape 3-38 cm long, cylindrical, generally with longitudinal grooves; trichomes 1.5-3.0 mm long, type G, densely-distributed, patent. Spike 3-20 cm long, usually subequal to the length of the scape, cylindrical, multi-flowered, with flowers densely packed above, less densely crowded below. Bracts narrowly triangular, rarely triangular, 1.7-3.0 × 0.7-1.0 mm, dorsal face pilose, margin ciliate. Anterior sepals narrowly elliptic to almost oblanceolate, 2.1-2.6 × 0.7-1.0 mm; keel pilose; margin glabrescent; apex mucronulate. Posterior sepals oval to elliptic, 2.2-2.9 × 0.9-1.6 mm; keel pilose; margin glabrescent; apex acute or mucronulate. Corolla actinomorphic, glabrous; lobes ovate, 2.0-3.1 mm long, shorter than the sepals, patent or erect; apex acuminate. Stamens 4. Ovary with 3 ovules; pyxidium 2.4-3.3 × 1.3-1.6 mm, 3-seeded. Seeds narrowly ellipsoid to ovoid, slightly convex ventrally, convex dorsally, 1.4-2.2 × 0.7-1.2 mm; surface reticulate, light to dark brown.
Illustrations:- Figure 1 ; also Figure 78 in Rahn (1974) . Phenology:-Flowering August-January, fruiting September-February. Habitat and distribution:-Occurs in rather dry grasslands in southern Paraguay, northeastern Argentina (Chaco, Corrientes, Formosa, Misiones and Santa Fe) and southern Brazil (Rio Grande do Sul) (Figure 3 ).
Conservation status:-Near Threatened (NT). This species has a rather restricted distribution, and it is not very frequent. Furthermore, it does not appear to thrive in disturbed habitats, as the known collections of this species are from natural grasslands. Although probably not currently threatened with extinction, the destruction of the natural grasslands in Corrientes, Argentina and in southern Paraguay would certainly endanger the survival of this species. It may already be regionally threatened in Brazil, as it is known from only two localities there (Giruá and Santa Maria), and has not been collected there since 1975. We recommend further studies of the populations of this species to allow for better understanding of its distribution, conservation status and intraspecific variation.
Discussion:-Plantago napiformis, previously classified as a subspecies of P. tomentosa de Lamarck (1791: 340), is however morphologically more similar to P. catharinea Decaisne (1852: 726) than to P. tomentosa; P. napiformis can be distinguished from these two species by its roots, caudex, leaves and seeds (Table 2) , and by ecology. The distribution of P. napiformis and P. catharinea do not overlap, as the latter is restricted to coastal vegetation ("restingas") in southern Brazil. As previously treated (Rahn 1964 (Rahn , 1974 (Rahn , 1995 , the circumscription of P. tomentosa included plants with both rugose and reticulate seeds, and with both slender and wide trichomes. This situation made it impossible to correctly identify specimens of P. napiformis using identification keys such as those in Rahn (1966) and Hefler et al. (2011) . The rugose seeds and the unusually slender type G trichomes are defining of P. tomentosa, as no other species in section
Virginica have either of these characteristics; in contrast, P. napiformis has reticulate seeds and stiff and wide type G trichomes, as do many other representatives of section Virginica. Based on its morphology, and also on environmental differences, we consider that P. napiformis warrants species rank. Plantago pretoana (Rahn 1964: 51-53) Hassemer, comb. et stat. nov. ≡ P. australis subsp. pretoana Rahn (1964: 51-53) . Type:-BRAZIL. MINAS GERAIS: Itatiaia, an Tijuca près de la source du Rio Preto, 20 November 1876, A.F.M. Glaziou 8897 (holotype C!, isotypes LE and R, photographs!).
Rosette herbs, 10-58 cm tall, perennial, becoming black, or almost so, on drying. Taproot absent; caudex a rhizome, 1-10 × 0.5-1.8 cm, usually with brownish orange trichomes. Leaves narrowly-elliptic or narrowly-ovate, 7-40 × 0.6-3.0 cm, 3-to 7-veined, membranaceous; petiole scarcely distinct; lamina quite glabrous on both faces or rarely with scattered, patent, type G trichomes, 0.2 mm long; margin with usually inconspicuous teeth, glabrous or rarely with short cilia 0.1 mm long; apex acuminate. Inflorescence 14-58 cm long. Scape 10-44 cm long, cylindrical, generally with longitudinal grooves and trichomes 0.8-1.3 mm long, type G, sparsely-distributed, appressed and antrorse. Spike 4-14 cm long, shorter to subequal to the length of the scape, cylindrical, multi-flowered, with flowers densely packed above, less densely crowded below. Bracts ovate to narrowly ovate, 1.7-2.0 × 0.3-1.8 mm, glabrous to glabrescent. Anterior sepals elliptic, 1.9-3.5 × 0.8-1.4 mm, wholly glabrous; apex acute. Posterior sepals ovate, 2.0-3.0 × 1.1-1.5 mm, wholly glabrous; apex acute. Corolla actinomorphic, glabrous; lobes ovate, 1.9-2.5 × 1.2-1.6 mm, shorter than the sepals, patent, glabrous; apex obtuse to acuminate. Stamens 4. Ovary with 3 ovules, sometimes malformed and with only 1-2 ovules; pyxidium 2.5-3.0 × 1.4-1.7 mm, 3-seeded, sometimes bearing only one malformed seed. Seeds ovoid, flattened to slightly concave ventrally, convex dorsally, 1.5-2.0 × 1.0-1.3 mm; surface reticulate, black. 
Conservation status:-Endangered (EN-B2a,b[iii]).
Plantago pretoana is a very rare and restricted species, being known from only two markedly disjunct areas. The only two collections of this species from Lagoa Dourada are from 1914 and 1978; recent (January 2015) collection efforts around Lagoa Dourada by GH were unsuccessful. It is possible that the population of P. pretoana around Lagoa Dourada may be in decline due to habitat loss, as the grasslands there are gradually being substituted by shrubby vegetation, notably by the advance of Mimosa pigra von Linné (1755: 13-14) (Fabaceae), a notoriously problematic invasive plant species (Braithwaite et al. 1989) . The protection of southern Brazil grasslands is an urgent matter that needs to be discussed widely among scientists and Brazilian politicians, due to the increasing loss of biodiversity in these habitats.
Discussion:-Plantago pretoana was described by Rahn (1964) as a subspecies of P. australis, together with other species and subspecies in section Virginica with wide, antrorse trichomes on the scape. Later, in his treatise on the section Virginica, Rahn (1974) adopted a narrower circumscription for P. australis, including only plants without a taproot, which resulted in his acceptance of P. buchtienii Pilger (1913: 251-252) , P. dielsiana Pilger (1928: 107-108) , P. orbignyana Steinheil ex Decaisne (1852: 704) (with 4 subspecies), P. pachyneura von Steudel (1849: 406), P. subnuda Pilger (1912: 260) and P. truncata von Chamisso & von Schlechtendal (1826: 170-171) as distinct species. Therefore, Rahn kept P. pretoana as a subspecies of P. australis, as it doesn't have a taproot. In his new definition (Rahn 1974) , P. australis was to have many secondary fibrous roots but not a taproot, and almost always a short and rather inconspicuous caudex, but seldom, although always in P. australis subsp. pretoana, a long and thickened (to 11 × 3 cm) rhizome.
Although Rahn (1964 Rahn ( , 1974 described P. australis subsp. pretoana as having 1-seeded pyxidia, he admitted that he had probably not seen well-formed seeds. Indeed, in the material we observed, we found that plants of this species are normally 3-seeded, and 1-seeded pyxidia, although not rare, do not seem to contain a well-formed seed. It is important to note that the specimen illustrated in the Figure 36 in Rahn (1974) [L.B. Smith et al. 7712 , HBR] is not P. pretoana (Hassemer et al. 2015a) ; the identity of this specimen is still unknown, it might belong to an undescribed species, but more material is necessary to resolve this question. Contrary to Rahn (1974) , we found that P. pretoana does not occur in Rio Grande do Sul and Santa Catarina states, as the specimens from there attributed to this species [B. Rambo 34589, S and B. Rambo 51492, HBR] were shown to be P. australis subsp. australis, except for L. B. Smith et al. 7712 [HBR] (see above). Our revision of the material of P. pretoana (actually most of these specimens, originating from Serra do Itatiaia, were previously identified as P. dielsiana; see Hassemer et al. 2015a) confirms that these specimens constitute a distinct species, forming a morphologically, geographically, and ecologically well-defined group. 
Correcting taxonomic misunderstandings in the Plantago australis complex
Plantago australis subsp. angustifolia (Pilger 1913: 274) Rahn (1974: 75-76) ≡ P. bicallosa var. angustifolia Pilger (1913: 274 See description in Rahn (1974) .
Illustration:- Figure 28 in Rahn (1974) . Phenology:-Poorly known; probably October-January (based on the few known collections). Habitat and distribution:-Apparently restricted to the high summits of Serra dos Órgãos, 2000-2250 m asl, in Rio de Janeiro state, southeastern Brazil (Figure 3 ).
Conservation status:-Data Deficient (DD). Distribution data about this subspecies is still deficient, as it has never been included in identification keys to Plantago in Brazil. This subspecies appears to be restricted to Serra dos Órgãos, thus warranting a threatened status, but more studies are necessary to clarify the distribution, conservation status and ecology of this poorly-understood subspecies.
Discussion:- Rahn (1974) , while making this combination, admitted that "It is with some hesitation that I have included all the material cited above in the same subspecies", as he greatly expanded the distribution of former P. bicallosa var. angustifolia, in attributing to it five collections (at HBR herbarium) from Santa Catarina state, southern Brazil. GH examined all these specimens, and concluded that they actually belong to P. australis subsp. hirtella. That would explain why Hefler et al. (2011) proposed the synonymisation of this subspecies under P. australis subsp. australis (see more details about this misunderstanding under P. australis subsp. hirtella).
However, the examination of the lectotype (A.F.M. Glaziou 16360, C), and of high-resolution images of the isotype at K and of another collection attributed to this subspecies by Rahn (1974) from Serra dos Órgãos (E.H.G. Ule 136, R) has convinced us that these specimens are indeed distinct from other P. australis subspecies (Table 3) . This, in addition to the very controversial synonymisation by Hefler et al. (2011) , who did not see any collections from Rio de Janeiro, including the type, has led us to propose here the revalidation of this subspecies. This poorly-understood species needs further study to elucidate its morphology, distribution, conservation status, ecology and phylogenetic relationships with other P. australis subspecies. See description in Rahn (1974) . Illustration:- Figure 29 in Rahn (1974) . Phenology:-Mainly September-February. Habitat and distribution:-Uruguay, Argentina (except southern Patagonia), southern Bolivia and southern Brazil. It occurs in open (unforested) areas, on rather moist soils, generally not far from rivers, canals or lakes, from sea-level to 3450 m asl (Rahn 1974) . Previously known in Brazil only from Rio Grande do Sul state (Rahn 1974 (Rahn , 1995 , this study expands the distribution of this subspecies northwards to Santa Catarina state, as we found collections of this subspecies which originated from five municipalities there: Alfredo Wagner, Bom Jardim da Serra, Grão Pará, Lauro Müller and Urubici.
Conservation status:-Least Concern (LC). This subspecies has a rather large distribution and is very frequent, especially in Argentina.
Discussion:-We noticed that the authors of two synonyms of this subspecies are commonly subject to some confusion in the literature and also online databases. 
Plantago hirtella" (holotype P, photograph!).
See description in Rahn (1974) . Figure 31 in Rahn (1974) . Phenology:-In Arizona and Mexico mainly June-August; in Central America, Venezuela, Ecuador and Peru throughout the year; in Bolivia and northwestern Argentina January-March, and in northeastern Argentina, Paraguay and Brazil mainly November-December (Rahn 1974) . This subspecies may flower throughout the year throughout its wide range, although flowering seems to be concentrated during spring in southern South America.
Illustration:-
Habitat and distribution:-This subspecies occurs from southwestern USA (Arizona) to northern Argentina and Uruguay through Mexico, Central America, the Andes and southern Brazil (Rahn 1974) , from sea level to 3000 m asl, but is absent from tropical lowlands. Its original habitat was most probably natural clearings in subtropical forests (Rahn 1974) . However, this subspecies has now a very broad ecological range, also occurring in high-altitude grasslands, coastal vegetation, and especially in disturbed habitats as a ruderal plant. This is the most widespread species or subspecies in Plantago section Virginica, and also the only one that tolerates some shading.
Conservation status:-Least Concern (LC). This subspecies is very frequent, and has a very large distribution and a relatively broad ecological range, including ruderal habitats.
Discussion:-The taxonomic situation of Plantago australis subsp. hirtella has been the subject of a recent yet quite significant (considering its continental distribution) misunderstanding. In their taxonomic revision of Plantago in the South region of Brazil, Hefler et al. (2011) affirmed that Luteyn et al. (1999) had synonymised P. australis subsp. hirtella under P. australis subsp. australis, and they further synonymised P. australis subsp. angustifolia also under P. australis subsp. australis. However, a careful reading of Luteyn et al. (1999) makes it clear that they did not propose any taxonomic changes, as they merely list the subspecies of P. australis that occur in the páramos (Andean high-elevation grasslands). Personal communication (March 2015) with James Luteyn confirmed that Luteyn et al. (1999) did not propose any synonymisation in P. australis. Despite this, the taxonomic changes proposed by Hefler et al. (2011) have been broadly accepted, and were followed, for instance, by important plant catalogues such as the Argentine "Catálogo de las Plantas Vasculares del Cono Sur" (http://www2.darwin.edu.ar/proyectos/floraargentina/ fa.htm) and the Brazilian "Lista de Espécies da Flora do Brasil" (http://www.floradobrasil.jbrj.gov.br).
The careful examination of a great number of collections, in addition to field work and a thorough bibliographic revision have convinced us that P. australis subsp. australis and P. australis subsp. hirtella are distinct, and can be separated by their morphology, distribution and ecology; we thus agree with Rahn (1964 Rahn ( , 1966 Rahn ( , 1974 Rahn ( , 1975 Rahn ( , 1979 Rahn ( , 1995 Rahn ( , 1999 in recognising these two subspecies.
It is evident that even though Rahn worked extensively on P. australis, it is still poorly resolved at the species level, as Rahn himself admitted (Rahn 1966 (Rahn , 1974 . However, the synonymisation of P. australis subsp. hirtella under P. australis subsp. australis, in addition to being a misunderstanding as explained above, is a clear regression in the understanding of this species complex. To solve this notoriously confusing species complex it will probably be necessary, in addition to examining material from throughout its vast distribution range (which was not done by Hefler et al. 2011) , to employ molecular phylogenetic techniques. To date we consider that the available knowledge supports the recognition of both P. australis subsp. australis and P. australis subsp. hirtella. In addition to the information presented by Rahn (1974) , we found two more morphological characters that can be used to separate these two subspecies: the width of the secondary cord-like roots, and the distribution of the trichomes on the scape (Table 3) .
Final considerations
Two species recognised here, Plantago napiformis and P. pretoana, have historically been overlooked and are missing from recent identification keys because of their former treatment at the rank of subspecies. This taxonomic history has particular repercussions for P. pretoana, an endangered and very narrowly distributed species. Similarly, since their synonymisation under P. australis subsp. australis, P. australis subsp. angustifolia and P. australis subsp. hirtella have also disappeared from all identification keys and taxonomic treatments.
We believe that regional taxonomic revisions, especially those providing updated, high-quality identification keys and distribution maps, are important to the advance and proper application of botanical knowledge. However, maximal care should be applied when proposing taxonomic changes, especially to species whose distribution extends beyond the geographical range of these works. We stress the importance of herbarium revision, examination of type specimens, and field work when conducting taxonomic studies.
In his revision of section Virginica, which is arguably his most important taxonomic publication, Rahn (1974) admitted that if a "biological species concept" was to be followed then all his subspecies, and probably also many unnamed entities would have to be granted species rank. Further studies are needed to resolve the P. australis complex, but the current study is an important contribution that clears up some taxonomic misunderstandings and moves towards a more "biological" taxonomic understanding of this notorious complex group of plants.
Key to the species of Plantago in Brazil, Paraguay, Uruguay and northeastern Argentina
Abbreviations: Argentine provinces: CC-Chaco; CR-Corrientes; ER-Entre Ríos; FO-Formosa; MN-Misiones; SE-Santiago del Estero; SF-Santa Fe. Brazilian states: ES-Espírito Santo; MG-Minas Gerais; MS-Mato Grosso do Sul; PR-Paraná; RJ-Rio de Janeiro; RS-Rio Grande do Sul; SC-Santa Catarina; SP-São Paulo. PY-Paraguay. UY-Uruguay. Notes: Non-native species are marked with an asterisk. Plantago lanceolata and P. major, due to their ruderal ecology, can potentially be found in the entire area covered by this key. 
